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1. Introduction 

Recent advances in the neuroscience of drug addiction motivates questions concerning 
whether and how clinical practice may be based on or inspired by these new advances. In this 
chapter, we will provide a framework for summarizing novel, neuroscience-informed, 
cognitive interventions that are under investigation and/or in the process of translation to 
clinical practice. We will provide more specific information concerning our experience in 
developing a new integrative package of interventions inspired by this framework. At the end 
of the chapter, we will discuss the next steps in the clinical translation and implementation 
of neuroscience-based cognitive interventions. 


2. Neuroscience-based Cognitive Interventions 

Chronic and prolonged use of various substances (including alcohol) may change or induce 
damages in different brain regions and networks including subcortical (Nagel, Schweinsburg, 
Phan, & Tapert, 2005),frontal(Koester et al., 2012), orbitofrontal(Tanabe et al., 2009), 
cingulate, limbic and paralimbic cortices(Thompson et al., 2004).These identified structural 
alterations have been associated with several cognitive-related functional pathologies, which 
can be classified into two distinct but interacting categories: cognitive maladaptation (CM) 
and cognitive deficits (CD). Cognitive maladaptation is an umbrella term for any 
"neuroadaptation" resulting from extreme saliency of drug rewards. High sensitivity to short¬ 
term rewards and preference for processing drug related cues are some examples of 
cognitive maladaptation in substance users that could be potentially revised with cognitive 
modifications (e.g., attention bias modification)(Hamed Ekhtiari, Victor, & Paulus, 2017; 
Rezapour, Wurfel, Simblett, & Ekhtiari, 2017). In the second category, there is a varied profile 
of cognitive deficits experienced by substance users, thought to be caused by "neurotoxic 
effects" of drugs. These deficits have been described in a variety of domains, including 
learning and memory, attention and concentration, executive functioning, and visuospatial 
processing (Baldacchino, Tolomeo, Balfour, & Matthews, 2018). Cognitive rehabilitation may 
be a promising strategy for targeting these functions(Rezapour, Hatami, et al., 2017a). It is 
clear that there are neurocognitive disorders that have both neurotoxic and neuroadaptive 
mechanisms involved, and the lines between these two categories can quickly start to blur. 
As an example, lack of proper insight (anosognosia) and metacognition about one's own 
substance use disorder may be considered either a cognitive maladaptation relating to a 
preference to sustain drug use or neuropsychological deficits caused by neurotoxic effects. 
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Regardless of cause, these symptoms can lead users to deny addiction as a health problem 
and reduce motivation to seek or accept treatment(H. Ekhtiari, Rezapour, Aupperle, & Paulus, 
2017). Thus, CDs and CMs associated with drug use would potentially benefit more from 
integrating different cognitive-based interventions (cognitive modifications and cognitive 
rehabilitations) into a holistic program rather than employing each separately. Drug users 
could also benefit from structured psychoeducation (PE) programs aiming to transfer 
knowledge about different aspects of addiction and increase insight and motivation for 
recovery. The following sections provide more detailed description for these interventions. 

2.1. Neuroscience-informed Psychoeducation and Metacognitive Training 

The ability to reflect about and regulate one's internal world of thoughts, feelings and mental 
processes is termed "metacognition" (Flavell, 1979; Roebers, 2017; Sadeghi, Ekhtiari, Bahrami, 
& Ahmadabadi, 2017). Distortion of this higher order function is apparent in the observation 
that people with SUDs often underestimate or inaccurately report on their symptoms 
(Inchausti, Ortuno-Sierra, Garda-Poveda, & Ballesteros-Prados, 2016; Moeller et al., 2016; 
Verdejo-Garcia, Clark, & Dunn, 2012). These deficits are thought to potentially arise due to 
damages in neural networks that include the anterior cingulate cortex and insula (Fleming, 
Huijgen, & Dolan, 2012). Poor metacognitive functions relate to reduced consistency between 
subjective symptoms and real objective states (e.g. self-report craving and actual arousal 
states)(Castine et al., 2018), denial of problems associated with drug use (Moeller & Goldstein, 

2014) and decreased interoceptive sensations or awareness (Ates Col, Sonmez, & Vardar, 
2016). A recent study in cocaine users reported an association between metacognition 
impairment and poor treatment outcome due to reduced treatment motivation (Castine et 
al., 2018). These evidences suggest a need to embed interventions that directly target 
metacognition into the context of addiction medicine. Accordingly, there are different 
interventions that may enhance metacognition for SU. This includes motivational interviewing, 
which could enhance metacognition through the enhancement of insight and motivation for 
change(Apodaca & Longabaugh, 2009), as well as psychoeducation programs aiming to 
improve subject's awareness about their own mental health disorder and related problems 
(FI. Ekhtiari et al., 2017). Improved insight may change negative attitudes to recovery and 
reduce potential stigma that is an important impediment to addiction treatment (Flasan et al., 

2015) . Moreover, training patients to use self-assessment and self-monitoring in daily life 
activities in order to identify their symptoms or problems (e.g., difficulty in shifting attention 
or immediate forgetting new information) would be a promising therapeutic intervention in 
this context (Skidmore, Swafford, Juengst, & Terhorst, 2018). Other strategies that enhance 
awareness of one's internal bodily states or processes and the external world (i.e., 
mindfulness), could also be promising for enhancing insight and metacognition(Shapiro, 
Carlson, Astin, & Freedman, 2006). Common to all these approaches is a core focus on 
supporting the integration of both internal and external relevant cues to create a self¬ 
representation that is close to the true state. 

2.2. Neuroscience Informed Cognitive Modifications 

Flaving a conceptual framework that provides specific targets for neuroscience-informed 
interventions is critical. The dynamic craving model (DCM) as depicted in figure 1 can be 
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considered a potential framework to define targets and categorize interventions as well as 
for providing guidance in measuring the efficacy of such interventions^. Ekhtiari, Nasseri, 
Yavari, Mokri, & Monterosso, 2016). The traditional cognitive behavioral therapy (CBT)-based 
model (Beck, 1997) adapted for drug craving, that is often used to guide relapse prevention 
packages, involves four main elements: triggers, thoughts/affect, craving and drug 
use(Larimer, Palmer, & Marlatt, 1999; Oei, Lim, & Young, 1991). In the DCM, thoughts and 
craving are delineated into 5 major cognitive processes, namely, attention, saliency valuation, 
memory, interoception and executive control modules. Each of these modules have sub 
processes, reflected to some extent in the top/bottom of each cell of figure 1. As it has been 
indicated in the model, exposure to the environmental stimuli (E) (including both internal and 
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Figure 1. Dynamic model of craving (DCM). A neuroscience informed conceptual framework to define the major targets in the 
dynamic response to drug related or emotional salient cues. 


external cues) activates the process of drug craving. These cues then elicit distinct yet 
collaborative bottom-up and top-down attentional processes that increase the focus of 
attention on drug-relevant cues (A). This attentional deployment activates saliency 
evaluation processes (S) related to drug-associated cues. The retrieval of memories (M) linked 
to the drug cues provides relevant information during saliency processing. Saliency evaluation 
can result in an interoceptive state that represents the subjective feeling of craving, leading 
to the engagement of executive control (Co) processes to take execute actions supporting 
drug-taking behavior or abstinence (Response)(H. Ekhtiari et al., 2016).Below, we will further 
discuss these 5 modules and cognitive interventions that may target each. 

2.2.1. Attention bias interventions 

The unconscious orientation of attention towards substance related cues is termed 
"attentional bias" and is considered among the most prominent cognitive maladaptive 
changes in chronic drug/alcohol users(Cox, Fadardi, Intriligator, & Klinger, 2014). Attentional 
bias is thought to result from an increase in the brain's automatic attentional processes and 
a decrease in the reflective ones(Stacy & Wiers, 2010). Attentional bias has been considered 
as a potential "early warning signal", as it seems to occurs automatically when substance 
users are exposed to drug related cues and can lead to relapse for subjects with SUDs who 
are undergoing treatment(Field, Marhe, & Franken, 2014). In fact, recent findings suggest 
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that substance users who have greater attentional bias towards drug-related cues (measured 
by modified Stroop tasks) are more likely to drop out from the treatment, have shorter length 
of stay in treatment, and have greater subsequent drug consumption (Diaz-Batanero, 
Dominguez-Salas, Moraleda, Fernandez-Calderon, & Lozano, 2018; Streeter et al., 2008). In 
this context, a series of interventions has been applied to retrain biases away from substance- 
related cues towards more neutral ones in the environment. These computer-based 
interventions, referred to as Attention Bias Modification (ABM), are based on the well-known 
visual dot probe implicit association tasks. In brief, one drug-related and one neutral stimulus 
are shown on the screen simultaneously, after which a "probe" target stimulus (i.e., an X) is 
displayed in the location of one of the stimuli. For ABM, the probe is shown in the location of 
the neutral stimuli with a higher probability (e.g., 80%), thus training participants to 
disengage their attention from drug-related stimuli and shift it towards the paired neutral 
ones(Cristea, Kok, & Cuijpers, 2016; Heitmann, Bennik, van Hemel-Ruiter, & de Jong, 2018). 

2.2.2. Saliency-based interventions 

The ability to properly attenuate, amplify and maintain an emotional response is termed as 
Emotional Regulation (ER)(Axelrod, Perepletchikova, Holtzman, & Sinha, 2011). Among ER 
strategies, cognitive reappraisal (CR) has received particular attention in the field of drug 
addiction. By using CR strategies, patients learn how to re-evaluate and reinterpret emotional 
experiences in order to alter the meaning given to them and potentially reduce the saliency 
of affect experienced (Steinberger, Payne, & Kensinger, 2011). CR is critical for managing 
emotional situations and responses to emotionally-salient cues. Hence, impairments in CR 
could lead to improper behavioral actions (e.g., avoidance or appetitive reaction) due to 
misinterpretation or decreased tolerance of an emotional experience(Pietrek, Popov, Steffen, 
Miller, & Rockstroh, 2012). CR strategies for saliency modification in negative affect (i.e., 
anxiety, depression) have been adapted in attempts to target appetitive response to drug- 
related salient cues for the purposes of craving management and relapse prevention. It has 
also been well established that people with SUDs have different degrees of ER impairments 
that may contribute to increased cue-induced craving and poor treatment response(Berking 
et al., 2011; Daughters et al., 2005; Hopwood, Schade, Matusiewicz, Daughters, & Lejuez, 
2015; Strong, 2012; Wilcox, Pommy, & Adinoff, 2016). Hence, embedding CR could provide 
added value to standard treatments. CR can be used to target cognitions concerning drug use 
and feelings of craving, or it can be used to target affective states or stress that may serve as 
cues or triggers for subsequent use. Although there is a plethora of studies supporting the 
use of cognitive therapy for conditions often comorbid with substance use (e.g., anxiety, 
mood, and trauma-related disorders)(Butler, Chapman, Forman, & Beck, 2006), there is less 
evidence supporting the efficacy of CR for targeting substance use specifically. One study 
among cigarette users suggests that CR may be associated with weaker expectancies that 
smoking alleviates negative feelings and induces positive mood(Fucito, Juliano, & Toll, 2010). 
Moreover, based on the previous findings on ER, It should be noted that the successful 
implementation of saliency modification strategies may directly depend upon patients' 
awareness of their emotions and internal bodily states (i.e., urges, cravings) as well as their 
capacity to control their behaviors(Hopwood et al., 2015). Interoceptive awareness and self- 
control will be discussed in more detail in subsequent sections of this chapter. 
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Contingency management (CM) is one of the most efficacious treatments for substance use 
and could be viewed as targeting saliency processing. CM attempts to combat the saliency 
and reward of drug use or cues with rewards that are contingent upon abstinence and 
incompatible with drug use (e.g., a prize or voucher) (Potenza, Sofuoglu, Carroll, & 
Rounsaville, 2011; Stanger, Budney, & Bickel, 2013).CM takes advantage of the fact that the 
brain processes immediate rewards as more salient and motivating than longer-term 
rewards, providing a briefer immediate reward (voucher or prize) for continued abstinence 
(Kiluk & Carroll, 2013). 

2.2.3. Memory-based interventions 

Repeated pairing of drug related cues (e.g., sight of a syringe) with rewarding outcomes 
(hedonic state) forms a type of learning (instrumental/operant) whereby the cue becomes 
the reward anticipator (salient stimulus) that can trigger drug-seeking and-taking 
behaviors(Hogarth, Balleine, Corbit, & Killcross, 2013). One prominent neural change in 
response to such drug-related operant cues is increased dopamine release, which is linked 
to increased emotional arousal (e.g., increased heart rate) as well as learning and memory 
consolidation about the drug related cue. Re-exposure to these cues and retrieval of related 
emotional memories (via hippocampal/amygdala connections to various brain 
structures/networks), promotes craving followed by relapsing behaviors (Torregrossa, 
Corlett, & Taylor, 2011; Torregrossa & Taylor, 2013). Hence, the interventions that modulate 
encoding and retrieval of emotional-motivational memories could attenuate the intensity of 
both positive and negative affective-appetitive states(Sorg, 2012). Recent studies have 
begun to examine the potential benefit of treatments aimed at reshaping addiction 
memories in the process of selective retrieval and targeted reconsolidation(Liddie & Itzhak, 
2016; Sorg, 2012). According to the memory reconsolidation hypothesis, previous memories 
become pliable and susceptible to disruption immediately after they are retrieved (Shi et al., 
2015). Thus, during active retrieval, it may be possible to modify or alter the affective 
salience of memories by incorporating new and somehow interfering information(Lee, 
Nader, & Schiller, 2017; Torregrossa & Taylor, 2013). For example, when a drug-related 
memory is reactivated by the presence of a drug-related cue, a patient could potentially add 
or modify this memory with new information (e.g., imagining the negative outcomes for the 
drug use, considering what would have happened if they would have abstained and went 
home to their family instead, etc.) preferentially in a controlled environment and with the 
guidance of a therapist. Doing so could diminish the salient value of the initial memory. 
Another strategy during reconsolidation is to broaden the "memory tunnel" by orienting 
their attention towards more peripheral details (e.g., spatial and temporal details) of the 
memory rather than only focusing on their emotional aspects(Rimmele, Davachi, Petrov, 
Dougal, & Phelps, 2011). These types of memory trade-offs (between new and old, emotional 
and non-emotional, could deliberately interfere with memory processes to suppress cue- 
induced craving. 

In addition to reconsolidation and extension of retrospective memories, patients with SUDs 
may also benefit from strategies modulating prospective memory. Episodic future thinking 
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(EFT)is defined as the ability to mentally travel in time and vividly pre-experience future 
events(Snider, LaConte, & Bickel, 2016). EFT has been shown to modify delay discounting 
behaviors, purportedly through expanding the temporal window in which individuals are 
considering consequences of their decisions (Bromberg, Wiehler, & Peters, 2015). EFT has 
been shown to be effective in reducing delay discounting and demand rate in alcohol 
users(Bulley & Gullo, 2017; Snider et al., 2018; Snider et al., 2016). EFT strategies could also 
theoretically be helpful in targeting the planning and prospective memory 
neuropsychological deficits documented in SUDs(Fleffernan, 2008; Rendell, Mazur, & Flenry, 
2009). 

2.2.4. Interoceptive-based interventions 

When we come across an emotional/appetitive stimulus or cue (either internal or external), 
interoception helps us to accurately receive, process and integrate different body-relevant 
signals originating from our visceral organs (e.g., heart, stomach) to inform decision- 
making(Paulus, Stewart, & Flaase, 2013; Stewart, May, Tapert, & Paulus, 2015). In healthy 
subjects, afferent neural signals about interoceptive changes (e.g., increased heart rate) serve 
as warnings about sub-optimal conditions (e.g., being in danger) and prompt approach or 
avoidance behavior to respond appropriately to the danger and return the body to an 
equilibrium state. This communication flows between peripheral receptors, c-fiber afferents, 
spino-thalamic projections, specific thalamic nuclei, posterior and anterior insula, and 
anterior cingulate cortex (ACC)(Paulus et al., 2013). There has been consistent evidence 
concerning disrupted interoceptive awareness (IA) in drug users(Berk et al., 2015). 
Specifically, it has been proposed that drug users develop increased or decreased IA to 
different salient stimuli following chronic drug use(Ates Col et al., 2016; Verdejo-Garcia et al., 
2012). In the case of decreased IA, subjects may become less aware of aversive bodily signals 
evoked in response to drug related cues. In the case of increased IA, subjects may become 
hyper-aware of their bodily states but do not interpret them accurately. Instead, any visceral 
changes (e.g., increased heart rate) experienced might be perceived as either a symptom of 
withdrawal or distress, thereby triggering substance use to alleviate this negative affective 
state with positive emotions (e.g., relief, pleasure). This repeated pattern further embeds the 
negative reinforcement properties of substance use(Baker, Piper, McCarthy, Majeskie, & 
Fiore, 2004).The discrepancy between the person's ideal state (experienced during drug use) 
and the actual one (experienced during states of craving or distress) are thought to generate 
body-prediction error signals. Interventions suggested to be potentially effective in 
modulating interoceptive processes for drug users include mindfulness and physical 
exercise(Paulus et al., 2013). In mindfulness-based exercises, participants are trained to focus 
attention on their bodily states in the present moment without judging them(Price & Flooven, 
2018). There has been some initial evidence of efficacy for mindfulness interventions with 
alcohol and drug use(Witkiewitz, Lustyk, & Bowen, 2013; Zgierska et al., 2008). With physical 
exercise, subjects learn how to adjust their exertion based on feed-forward (expectations) 
and feedback (body-relevant sensing) information(Paulus et al., 2013). Although there is lack 
of evidence for the neural mechanisms that underlie the beneficial effects of physical exercise 
on drug-taking behavior in substance users(Rawson et al., 2015; Robertson et al., 2016), it is 
hypothesized that repeated engagement in controlled, interoceptive goal-action (exercise) 
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could enhance functioning of interoceptive-related networks (i.e., insula, ACC) and help 
patients be more prepared to interpret and respond to body relevant information triggered 
by drug-related stimuli(Paulus et al., 2013). 

2.2.5. Inhibitory control interventions 

Substance and alcohol use have consistently been associated with deficits in cognitive control 
and response inhibition, including tendencies to act prematurely and impulsively. This 
includes engaging automatically in drug-related habitual behaviors despite negative 
consequences for the behavior (Sherman, Baker, Squeglia, & McRae-Clark, 2018). Cognitive 
control is likely impacted by many different neurocognitive processes, including attentional 
biases or dysregulation, memory processes, salience of cues and outcomes, or 
misinterpretation of interoceptive signals. Thus, many of the interventions discussed above 
could potentially impact cognitive control abilities as well. However, there are also 
interventions that more specifically target cognitive control. Many interventions aim to 
decrease automatic, habitual drug-use behaviors by enhancing self-awareness of these 
behaviors and their cues, and the forming of new habits (Cleo, Glasziou, Beller, Isenring, & 
Thomas, 2018). This is usually accomplished via self-monitoring (e.g., of cues, emotions, 
behaviors), identifying alternative behaviors to drug use, planning and goal-setting, and 
reviewing progress(Kliemann et al., 2017; McGowan, 2013). One such strategy for enhancing 
planning and problem-solving is goal management training(Alfonso, Caracuel, Delgado- 
Pastor, & Verdejo-Garcia, 2011). Realistic expectations and patient motivation are crucial for 
successful implementation of these interventions(Gardner, Lally, & Wardle, 2012). 

Approach bias modification (ApBM) is a more recently investigated approach for modifying 
automatic behaviors to drug-related cues. These are similar to ABMs in that they are 
computer-based training of responses to drug-related stimuli, but while ABMs focus on 
training visual attention to drug-related versus neutral cues, ApBMs focus on training 
behavioral approach-avoidance responses to drug-related cues. (Cousijn, Goudriaan, & 
Wiers, 2011; C. E. Wiers et al., 2014). One of the most well-known ApBM means is the 
approach-avoidance paradigm in which different pictures (including neutral and drug-related 
cues) are shown to subjects on computer screen(R.W. Wiers et al., 2015). Participants are 
asked to respond to a stimulus-feature unrelated to the contents of the picture 
(landscape/portrait format, left/right rotation) by pulling or pushing the joystick(Eberl et al., 
2013). By pushing the joystick (resembling avoidance action) the picture size decreases while 
by pulling it (resembling approach action) the picture size increases(Neumann & Strack, 
2000). By having the subject disproportionately engage in avoidance actions in response to 
drug cues (e.g., 80% of trials), it is thought that this may modify the individual's automatic 
responses to drug cues in their daily life. Although the ApBM is a novel approach in the field 
of addiction treatment, there are a few studies suggesting it may have promise for decreasing 
relapse rates (Eberl et al., 2013; R. W. Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011), 
subjective craving (R.W. Wiers et al., 2015), as well as neural activity in brain regions involved 
in reward processing of drug related stimuli (e.g., medial prefrontal cortex and nucleus 
accumbens) in alcohol (C. E. Wiers et al., 2014) and cannabis users (Cousijn et al., 2012)(More 
details on ApBM in chapter 17). In addition to ApBM, repeated practice with inhibitory control 
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paradigms such as go/no go or stroop-related tasks, may increase one's ability to withhold 
prepotent responses in order to engage in more goal-directed behaviors (Houben, 
Havermans, Nederkoorn, & Jansen, 2012). These types of training paradigms have been 
successful in experimental settings for reducing implicit attitudes and alcohol intake acutely, 
though the pragmatic application and efficacy in real clinical settings needs further 
investigation (Bowley et al., 2013; Houben et al., 2012). You can find more details on 
inhibitory control training in chapter 19. 

2.3. Neurocognitive Rehabilitation 

As mentioned above, individuals with SUDs suffer from various deficits in more general 
neuropsychological functions, including flexibility, visuospatial skills, psychomotor speed, 
attention, concentration, verbal fluency, reasoning, problem solving and episodic memory 
(Rezapour, DeVito, Sofuoglu, & Ekhtiari, 2016). These impairments can interfere with 
treatment by reducing the ability of a user to receive, encode, integrate, and employ 
therapeutic strategies, both in the context of treatment sessions and in their everyday lives 
(Rezapour et al., 2016). Therefore, SUDs could potentially benefit from therapeutic 
interventions similar to cognitive rehabilitation programs for other populations (e.g., 
traumatic brain injury, severe mental illness), which support compensatory and/or 
restorative strategies. These types of interventions have been successfully employed for 
stimulant, opiate and alcohol users(Bell, Vissicchio, & Weinstein, 2016; Bickel, Yi, Landes, Hill, 
& Baxter, 2011; Gamito et al., 2014; Goldstein, Haas, Shemansky, Barnett, & Salmon-Cox, 
2005; Marceau, Berry, Lunn, Kelly, & Solowij, 2017; Rass et al., 2015; Rezapour, Hatami, et 
al., 2017b; Rupp, Kemmler, Kurz, Hinterhuber, & Fleischhacker, 2012; Snider et al., 2018; 
Wanmaker et al., 2018; Zhu et al., 2018). The finding from these studies show initial promise 
that cognitive rehabilitation programs may enhance cognitive function and increase efficacy 
of broader SUD treatment programs (Bates, Buckman, & Nguyen, 2013). However, this 
research has primarily relied upon small samples and there has been a relative lack of 
replication outside the development team or to real-world clinical settings. Thus, there 
remains much work to be done for these interventions to be more broadly adopted into the 
daily practice of addiction medicine. 

To summarize, the DCM model (figure 1) provides a neuroscience-informed way of 
conceptualizing different cognitive components that can potentially be targeted in substance 
use treatment. The most robust clinical effects could potentially be supported through 
integration of both cognitive modification and rehabilitation strategies that target different 
aspects of the DCM model. Ideally, such a model could eventually be used to identify areas 
of strengths and weaknesses for each individual and inform customized treatments to meet 
individual patients' needs. In the following section, we will discuss an example program that 
attempts to integrate different cognitive education, modification, and rehabilitation 
strategies into a program that targets various aspects of the DCM model. 

3. Integrative Cognitive interventions: Introducing NEAT program 

Based on research concerning the various cognitive maladaptive responses and deficits 
associated with SUD and the various strategies that have shown potential for targeting 
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aspects of the DCM model, we have developed a new program titled "Neurocognitive 
Empowerment for Addiction Treatment (NEAT)". NEAT incorporates psychoeducation, 
cognitive rehabilitation, and modification strategies with materials that are specifically 
designed to be relevant for SUDs and thus, increase the potential for transference of training 
effects to daily functioning and treatment outcome. As a neuroscience-based program, NEAT 
(as well as the DCM model) was developed in the spirit of the Research Domain Criteria 
(RDoC) model, provided by National Institute of Mental Health(lnsel et al., 2010). RDoC 
supports the examination of dimensions of function rather than discrete categorical 
definitions (i.e., diagnoses). NEAT was developed with the idea of targeting various domains 
of functioning, including the RDoC domains of cognitive systems (e.g., attention, executive 
control, and working memory), positive/negative valence processing (e.g., reward/threat 
processing), and arousal/modulatory systems (e.g., sleep-wake cycles, alertness). 

In terms of content, the NEAT program is organized into five main parts as follows: 

Part 1: Brain Education: The main purpose of these components is to promote patient's 
awareness about the cognitive impairments often associated with drug addiction. Patients 
are provided with information concerning common behavioral manifestation of these 
impairments in daily life activities. They are informed about lifestyle changes (e.g., nutrition, 
physical exercise) that can facilitate brain recovery. To improve learning and consolidation, 
the education components are accompanied by colorful and comic cartoons (H. Ekhtiari et 
al., 2017). Figure 2 illustrates a sample of used cartoons. 

Part 2: Compensatory strategies: The main purpose of these components is to provide 
specific cognitive strategies for supporting optimal cognitive function or compensating for 
deficits. For example, providing strategies and practice for expanding tunnel memory for 
drug-related or emotional memories or mnemonic aids and goal management training for 
memory- and planning-related problems. These components are integrated with the brain 
exercises discussed next in order to illustrate and practice each cognitive function and 
compensatory strategy. 

Part3: Brain exercises: According to our previous experiences in another cognitive 
rehabilitation package named NECOREDA (NEuroCOgnitive REhabilitation for Disease of 
Addiction)(Rezapour et al., 2015), using brain exercises with different gradients of game- 
based features could be useful for restoration of brain functions among people with SUDs. 
These game-based exercises include such things as Stroop-like tasks, mazes, target 
cancellation tasks, and so on. In NEAT, these games are used not only as a potential way of 
practicing and improving specific brain functions but also for providing a foundation for 
discussions to enhance metacognition (the next component). 
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Figure 2. Cartoon development pipeline for the Neurocognitive Empowerment for Addiction Treatment (NEAT) package 
starting from character development and selection (panel A), ideas development (panel B) and finalized cartoons depicting 
cognitive deficits in SUDs including attentional bias, memory, and executive control (panel C) (Cartoons by Naeem Tadayon 
and Joshua Donbar, courtesy of Laureate Institute for Brain Research). 


Part 4: Metacognitive training: Metacognition awareness is trained in this program by 
providing information about the cognitive functions engaged in each brain exercise and the 
role that these functions (and the associated compensatory strategies) play in their day to 
day functioning and substance use recovery. This part targets insight towards the cognitive 
foundations of the training program and aims to enhance motivation to implement skills and 
generalization of learning. 

Part 5: Brain planner: Training patients to keep records of their daily activities, including both 
retrospective (e.g., past events) and prospective forms (e.g., future goals), is another critical 
aspect of NEAT. This supports higher-order cognitive functions such as self-monitoring and 
planning (which are trained within compensatory strategies) as well as basic cognitive 
functions including memory and episodic future thinking in the context of daily life activities. 
The use of a planner also supports compliance with NEAT and other SU treatment activities. 
Each training session of NEAT has time dedicated to learning and practicing using the planner. 

As a paper-based training program, NEAT has 14 sessions that include both in-session 
materials and homework. The sessions are presented in an additive structure in which basic 
cognitive functions (i.e., attention, working memory) are presented prior to higher order 
cognitive functions (i.e., inhibition, planning, prospective memory). New concepts and skills 
are added gradually throughout the sessions. Figure 3 shows the architecture of the 14 
sessions of NEAT. 
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4. Other neuroscience-informed interventions 

In addition to the interventions that have been addressed earlier in this chapter, there are 
other groups of interventions that may target neuroscience-informed biomarkers. For 
example, administration of atomoxetine and propranolol has been shown to reduce 
attentional biases and affect drug related memories in cocaine and heroin users, respectively 
(Passamonti et al., 2017; Zhao et al., 2011) and brain stimulation or neurofeedback 
techniques may be used to target neural networks more directly (Yavari et al., 2016). Many 
of these are covered in previous chapters of this book. Ideally, cognitive-based interventions 
discussed herein would be integrated with these other types of interventions in a holistic and 
personalized medicine approach to optimize treatment for individual patients. 
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Figure 3. Architecture of Neurocognitive Empowerment for Addiction Treatment (NEAT) for 14 sessions 

5. Future Directions: 

In the more advanced fields of medicine, like cardiology or oncology, patients are assessed 
based on quantitative biomarkers that are reliable and reflecting disease pathogenesis. Then, 
the most effective treatment for the individual are selected or even personally designed 
based on the biomarker profile. Furthermore, the efficacy of these individualized 
interventions is monitored with these same or new biomarkers in order to assess long term 
trajectory of recovery. Currently, this seems like a dream in psychiatry in general and 
addiction medicine in particular. Flowever, recent advances in human brain mapping, genome 
analysis, blood biochemistry and continuous peripheral physiological recording (e.g., heart 
rate variability, sleep/awake behavior and skin conductance response), combined with the 
development of novel cognitive interventions that may target many of these biomarkers, 
provides hope for the future of neuroscience-informed addiction treatment. 
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In the ideal scenario, neuroscience-based interventions in addiction medicine should address 
following four features. Here, we have also provided ideas based on our new trials for the 
NEAT package on how these features could be met in the development of a neuroscience- 
informed cognitive intervention. 

1. Targets a specific neuroscience-based mechanism or set of mechanisms informed by 
previous studies. DCM model as a neuroscience-informed modular model provides core 
mechanisms that NEAT targets (e.g., attention, salience, interoception, memory, and 
cognitive control processing and the associated prefrontal-limbic networks). 

2. Has a neuroscience-based biomarker based on the targeted mechanism/s to predict 
response to treatment or to help with treatment selection. In the development of NEAT, we 
are utilizing baseline and post-treatment fMRI assessments of neural reactivity during cue 
reactivity, interoception, and response inhibition. This will allow us to potentially identify and 
validate fMRI biomarkers for prediction and/or monitoring. 

3. Has a neuroscience-based biomarker based on the targeted mechanism as an outcome 
measure to monitor the efficacy of intervention over time. Considering fMRI outcome 
measures along with clinical outcome measures in our ongoing NEAT trials allows us to assess 
mechanistic target engagement. 

4. Has the potential to be optimized or modified based on observed values of the targeted 
neuroscience-based biomarker. Based on the self-report, cognitive, and fMRI assessments 
included in our initial trials, the hope would be that eventually these same assessments could 
be used to inform the personalization of NEAT. Participants could be providing feedback 
based on pre-treatment, multi-level assessments that could be used to motivate their 
treatment engagement and point to specific domains of function to be addressed. 

While advancements in biomarkers and interventions continue, we need to continually be 
aware of how we can bridge the gap between laboratory research and clinical 
implementation. Such translation can only be accomplished through pragmatic clinical trials 
that test effects identified in experimental settings on a larger scale. We should not forget 
that even in the ideal scenarios we referred to in cardiology and oncology, it takes years to 
translate from initial basic laboratory findings to clinical efficacy, and finally to treatment 
effectiveness in real-world settings. Thus, neuroscience-informed cognitive interventions are 
unlikely to be a quick silver bullet cure for addiction. However, with continual translation 
between neuroscience, controlled laboratory settings, and real-world clinical 
implementation, we will hopefully continue to significantly improve the landscape of 
treatment options for individuals suffering from substance use. 

Acknowledgements: 

Authors would like to thank Dr. Stacey Daughters for her invaluable feedback on the manuscript. 


12 



6. References 


Alfonso, J. P., Caracuel, A., Delgado-Pastor, L. C., & Verdejo-Garcia, A. (2011). Combined Goal 
Management Training and Mindfulness meditation improve executive functions and 
decision-making performance in abstinent polysubstance abusers. Drug Alcohol Depend, 
117(1), 78-81. doi:10.1016/j.drugalcdep.2010.12.025 

Apodaca, T. R., & Longabaugh, R. (2009). Mechanisms of change in motivational interviewing: a 
review and preliminary evaluation of the evidence. Addiction, 104(5), 705-715. 
doi:10.1111/j. 1360-0443.2009.02527.x 

Ates Col, I., Sonmez, M. B., & Vardar, M. E. (2016). Evaluation of Interoceptive Awareness in 

Alcohol-Addicted Patients. Noro Psikiyatr Ars, 53(1), 17-22. doi:10.5152/npa.2015.9898 

Axelrod, S. R., Perepletchikova, F., Holtzman, K., & Sinha, R. (2011). Emotion regulation and 
substance use frequency in women with substance dependence and borderline 
personality disorder receiving dialectical behavior therapy. Am J Drug Alcohol Abuse, 
37(1), 37-42. doi: 10.3109/00952990.2010.535582 

Baker, T. B., Piper, M. E., McCarthy, D. E., Majeskie, M. R., & Fiore, M. C. (2004). Addiction 
Motivation Reformulated: An affective processing model of negative reinforcement. 
Psychological Review, 111(1), 33-51. 

Baldacchino, A., Tolomeo, S., Balfour, D. J., & Matthews, K. (2018). Profiles of visuospatial 

memory dysfunction in opioid-exposed and dependent populations. Psychol Med, 1-11. 
doi:10.1017/S0033291718003318 

Bates, M. E., Buckman, J. F., & Nguyen, T. T. (2013). A role for cognitive rehabilitation in 

increasing the effectiveness of treatment for alcohol use disorders. Neuropsychol Rev, 
23(1), 27-47. doi:10.1007/sll065-013-9228-3 

Beck, A. T. (1997). The past and future of cognitive therapy. J Psychother Pract Res, 6(4), 276- 
284. 

Bell, M. D., Vissicchio, N. A., & Weinstein, A. J. (2016). Cognitive Training and Work Therapy for 
the Treatment of Verbal Learning and Memory Deficits in Veterans With Alcohol Use 
Disorders. J Dual Diagn, 12(1), 83-89. doi:10.1080/15504263.2016.1145779 

Berk, L., Stewart, J. L., May, A. C., Wiers, R. W., Davenport, P. W., Paulus, M. P., & Tapert, S. F. 
(2015). Under pressure: adolescent substance users show exaggerated neural 
processing of aversive interoceptive stimuli. Addiction, 110(12), 2025-2036. 
doi:10.1111/add.13090 

Berking, M., Margraf, M., Ebert, D., Wupperman, P., Hofmann, S. G., & Junghanns, K. (2011). 
Deficits in emotion-regulation skills predict alcohol use during and after cognitive- 
behavioral therapy for alcohol dependence. J Consult Clin Psychol, 79(3), 307-318. 
doi:10.1037/a0023421 

Bickel, W. K., Yi, R., Landes, R. D., Hill, P. F., & Baxter, C. (2011). Remember the future: working 
memory training decreases delay discounting among stimulant addicts. Biol Psychiatry, 
69(3), 260-265. doi:10.1016/j.biopsych.2010.08.017 

Bowley, C., Faricy, C., Hegarty, B., J Johnstone, S., L Smith, J., J Kelly, P., & A Rushby, J. (2013). 
The effects of inhibitory control training on alcohol consumption, implicit alcohol- 
related cognitions and brain electrical activity. IntJ Psychophysiol, 89(3), 342-348. 
doi :10.1016/j.ij psycho. 2013.04.011 


13 



Bromberg, U., Wiehler, A., & Peters, J. (2015). Episodic Future Thinking Is Related to Impulsive 
Decision Making in Healthy Adolescents. Child Dev , 86(5), 1458-1468. 
doi:10.1111/cdev. 12390 

Bulley, A., & Gullo, M. J. (2017). The influence of episodic foresight on delay discounting and 
demand for alcohol. Addict Behov, 66, 1-6. doi:10.1016/j.addbeh.2016.11.003 

Butler, A. C., Chapman, J. E., Forman, E. M., & Beck, A. T. (2006). The empirical status of 

cognitive-behavioral therapy: a review of meta-analyses. Clin Psychol Rev, 26(1), 17-31. 
doi:10.1016/j.cpr.2005.07.003 

Castine, B. R., Albein-Urios, N., Lozano-Rojas, 0., Martinez-Gonzalez, J. M., Hohwy, J., & 

Verdejo-Garcia, A. (2018). Self-awareness deficits associated with lower treatment 
motivation in cocaine addiction. Am J Drug Alcohol Abuse, 1-7. 
doi:10.1080/00952990.2018.1511725 

Cleo, G., Glasziou, P., Beller, E., Isenring, E., & Thomas, R. (2018). Habit-based interventions for 
weight loss maintenance in adults with overweight and obesity: a randomized 
controlled trial. IntJ Obes (Lond). doi:10.1038/s41366-018-0067-4 

Cousijn, J., Goudriaan, A. E., Ridderinkhof, K. R., van den Brink, W., Veltman, D. J., & Wiers, R. 
W. (2012). Approach-bias predicts development of cannabis problem severity in heavy 
cannabis users: results from a prospective FMRI study. PLoS One, 7(9), e42394. 
doi:10.1371/journal.pone.0042394 

Cousijn, J., Goudriaan, A. E., & Wiers, R. W. (2011). Reaching out towards cannabis: approach- 
bias in heavy cannabis users predicts changes in cannabis use. Addiction, 106(9), 1667- 
1674. doi:10.1111/j.1360-0443.2011.03475.x 

Cox, W. M., Fadardi, J. S., Intriligator, J. M., & Klinger, E. (2014). Attentional bias modification 
for addictive behaviors: clinical implications. CNSSpectr, 19(3), 215-224. 
doi:10.1017/S1092852914000091 

Cristea, I. A., Kok, R. N., & Cuijpers, P. (2016). The Effectiveness of Cognitive Bias Modification 
Interventions for Substance Addictions: A Meta-Analysis. PLoS One, 11(9), e0162226. 
doi:10.1371/journal, pone. 0162226 

Daughters, S. B., Lejuez, C. W., Bornovalova, M. A., Kahler, C. W., Strong, D. R., & Brown, R. A. 
(2005). Distress Tolerance as a Predictor of Early Treatment Dropout in a Residential 
Substance Abuse Treatment Facility. Journal of Abnormal Psychology, 114(A), 729-734. 

Diaz-Batanero, C., Dominguez-Salas, S., Moraleda, E., Fernandez-Calderon, F., & Lozano, O. M. 
(2018). Attentional bias toward alcohol stimuli as a predictor of treatment retention in 
cocaine dependence and alcohol user patients. Drug Alcohol Depend, 182, 40-47. 
doi:10.1016/j.drugalcdep.2017.10.005 

Eberl, C., Wiers, R. W., Pawelczack, S., Rinck, M., Becker, E. S., & Lindenmeyer, J. (2013). 

Approach bias modification in alcohol dependence: do clinical effects replicate and for 
whom does it work best? Dev Cogn Neurosci, 4, 38-51. doi:10.1016/j.dcn.2012.11.002 

Ekhtiari, H., Nasseri, P., Yavari, F., Mokri, A., & Monterosso, J. (2016). Neuroscience of drug 

craving for addiction medicine: From circuits to therapies. Prog Brain Res, 223, 115-141. 
doi:10.1016/bs.pbr.2015.10.002 

Ekhtiari, H., Rezapour, T., Aupperle, R. L., & Paulus, M. P. (2017). Neuroscience-informed 

psychoeducation for addiction medicine: A neurocognitive perspective. Prog Brain Res, 
235, 239-264. doi:10.1016/bs.pbr.2017.08.013 


14 



Ekhtiari, H., Victor, T. A., & Paulus, M. P. (2017). Aberrant decision-making and drug addiction 
— how strong is the evidence? Current Opinion in Behavioral Sciences, 13, 25-33. 
doi:10.1016/j.cobeha.2016.09.002 

Field, M., Marhe, R., & Franken, I. H. (2014). The clinical relevance of attentional bias in 

substance use disorders. CNS Spectr, 19(3), 225-230. doi:10.1017/S1092852913000321 

Flavell, J. H. (1979). Metacognition and Cognitive Monitoring. American Psychologist, 34(10), 
906-911. 

Fleming, S. M., Huijgen, J., & Dolan, R. J. (2012). Prefrontal contributions to metacognition in 
perceptual decision making. J Neurosci, 32(18), 6117-6125. 
doi:10.1523/JN EU ROSCI.6489-11.2012 

Fucito, L. M., Juliano, L. M., & Toll, B. A. (2010). Cognitive reappraisal and expressive 

suppression emotion regulation strategies in cigarette smokers. Nicotine Tob Res, 

12(11), 1156-1161. doi:10.1093/ntr/ntql46 

Gamito, P., Oliveira, J., Lopes, P., Brito, R., Morais, D., Silva, D., .. . Deus, A. (2014). Executive 
functioning in alcoholics following an mHealth cognitive stimulation program: 
randomized controlled trial. J Med Internet Res, 16(4), el02. doi:10.2196/jmir.2923 

Gardner, B., Lally, P., & Wardle, J. (2012). Making health habitual the psychology of habit- 

formation and general practice. The British journal of general practice : the journal of 
the Royal College of General Practitioners, 62(605), 664-666. 

Goldstein, G., Haas, G., Shemansky, W., Barnett, B., & Salmon-Cox, S. (2005). Rehabilitation 
during alcohol detoxication in comorbid neuropsychiatric patients. J Rehabil Res Dev, 
42(2), 225-234. doi:10.1682/JRRD.2004.03.0040 

Hasan, A., Falkai, P., Wobrock, T., Lieberman, J., Glenthoj, B., Gattaz, W. F., . . . Schizophrenia, 

W. T. F. o. T. G. f. (2015). World Federation of Societies of Biological Psychiatry (WFSBP) 
Guidelines for Biological Treatment of Schizophrenia. Part 3: Update 2015 Management 
of special circumstances: Depression, Suicidality, substance use disorders and pregnancy 
and lactation. World J Biol Psychiatry, 16(3), 142-170. 
doi:10.3109/15622975.2015.1009163 

Heffernan, T. M. (2008). The impact of excessive alcohol use on prospective memory: a brief 
review. Curr Drug Abuse Rev, 1(1), 36-41. 

Heitmann, J., Bennik, E. C., van Hemel-Ruiter, M. E., & de Jong, P. J. (2018). The effectiveness of 
attentional bias modification for substance use disorder symptoms in adults: a 
systematic review. Syst Rev, 7(1), 160. doi:10.1186/sl3643-018-0822-6 

Hogarth, L., Balleine, B. W., Corbit, L. H., & Killcross, S. (2013). Associative learning mechanisms 
underpinning the transition from recreational drug use to addiction. Ann N Y Acad Sci, 
1282, 12-24. doi:10.1111/j.1749-6632.2012.06768.x 

Hopwood, C. J., Schade, N., Matusiewicz, A., Daughters, S. B., & Lejuez, C. W. (2015). Emotion 
regulation promotes persistence in a residential substance abuse treatment. Subst Use 
Misuse, 50(2), 251-256. doi:10.3109/10826084.2014.977393 

Houben, K., Havermans, R. C., Nederkoorn, C., & Jansen, A. (2012). Beer a no-go: learning to 
stop responding to alcohol cues reduces alcohol intake via reduced affective 
associations rather than increased response inhibition. Addiction, 107(7), 1280-1287. 
doi:10.1111/j. 1360-0443.2012.03827.x 


15 



Inchausti, F., Ortuno-Sierra, J., Garda-Poveda, N., & Ballesteros-Prados, A. (2016). 

Metacognitive abilities in adults with substance 
abuse treated in therapeutic community. Adicciones, 29(2), 74-82. 

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D., Quinn, K., . . . Wang, P. (2010). 

Research Domain Criteria (RDoC)Toward a New Classification Framework for Research 
on Mental Disorders. Am J Psychiatry, 167(7), 748-751. 

Kiluk, B. D., & Carroll, K. M. (2013). New developments in behavioral treatments for substance 
use disorders. Curr Psychiatry Rep, 15(12), 420. doi:10.1007/sll920-013-0420-l 
Kliemann, N., Vickerstaff, V., Croker, H., Johnson, F., Nazareth, I., & Beeken, R. J. (2017). The 
role of self-regulatory skills and automaticity on the effectiveness of a brief weight loss 
habit-based intervention: secondary analysis of the 10 top tips randomised trial. IntJ 
Behav Nutr Phys Act, 14(1), 119. doi:10.1186/sl2966-017-0578-8 
Koester, P., Tittgemeyer, M., Wagner, D., Becker, B., Gouzoulis-Mayfrank, E., & Daumann, J. 

(2012). Cortical thinning in amphetamine-type stimulant users. Neuroscience, 221, 182- 
192. doi:10.1016/j.neuroscience.2012.06.049 
Larimer, M. E., Palmer, R. S., & Marlatt, G. A. (1999). Relapse prevention. An overview of 
Marlatt's cognitive-behavioral model. Alcohol Res Health, 23(2), 151-160. 

Lee, J. L. C., Nader, K., & Schiller, D. (2017). An Update on Memory Reconsolidation Updating. 

Trends Cogn Sci, 21(1), 531-545. doi:10.1016/j.tics.2017.04.006 
Liddie, S., & Itzhak, Y. (2016). Variations in the stimulus salience of cocaine reward influences 

drug-associated contextual memory .Addict Biol, 21(2), 242-254. doi:10.1111/adb. 12191 
Marceau, E. M., Berry, J., Lunn, J., Kelly, P. J., & Solowij, N. (2017). Cognitive remediation 
improves executive functions, self-regulation and quality of life in residents of a 
substance use disorder therapeutic community. Drug Alcohol Depend, 178, 150-158. 
doi:10.1016/j.drugalcdep.2017.04.023 

McGowan, P. (2013). The challenge of integrating self-management support into clinical 
settings. Can J Diabetes, 37(1), 45-50. doi:10.1016/j.jcjd.2013.01.004 
Moeller, S. J., Fleming, S. M., Gan, G., Zilverstand, A., Malaker, P., d'Oleire Uquillas, F., .. . 
Goldstein, R. Z. (2016). Metacognitive impairment in active cocaine use disorder is 
associated with individual differences in brain structure. Eur Neuropsychopharmacol, 
26(A), 653-662. doi:10.1016/j.euroneuro.2016.02.009 
Moeller, S. J., & Goldstein, R. Z. (2014). Impaired self-awareness in human addiction: deficient 
attribution of personal relevance. Trends Cogn Sci, 18(12), 635-641. 
doi:10.1016/j.tics. 2014.09.003 

Nagel, B. J., Schweinsburg, A. D., Phan, V., & Tapert, S. F. (2005). Reduced hippocampal volume 
among adolescents with alcohol use disorders without psychiatric comorbidity. 
Psychiatry research, 139(3), 181-190. 

Neumann, R., & Strack, F. (2000). Approach and avoidance The influence of proprioceptive and 
exteroceptive cues on encoding of affective information. J Pers Soc Psychol, 79(1), 39- 
48. 

Oei, T. P., Lim, B., & Young, R. M. (1991). Cognitive processes and cognitive behavior therapy in 
the treatment of problem drinking. J Addict Dis, 10(3), 63-80. 
doi:10.1300/J069vl0n03_07 


16 



Passamonti, L., Luijten, M., Ziauddeen, H., Coyle-Gilchrist, I. T. S., Rittman, T., Brain, S. A. E., . . . 
Ersche, K. D. (2017). Atomoxetine effects on attentional bias to drug-related cues in 
cocaine dependent individuals. Psychopharmacology (Berl), 234(15), 2289-2297. 
doi:10.1007/s00213-017-4643-4 

Paulus, M. P., Stewart, J. L., & Haase, L. (2013). Treatment approaches for interoceptive 

dysfunctions in drug addiction. Front Psychiatry, 4, 137. doi:10.3389/fpsyt.2013.00137 

Pietrek, C., Popov, T., Steffen, A., Miller, G. A., & Rockstroh, B. (2012). Neuromagnetic indication 
of dysfunctional emotion regulation in affective disorders. Depress Res Treat, 2012, 
156529. doi:10.1155/2012/156529 

Potenza, M. N., Sofuoglu, M., Carroll, K. M., & Rounsaville, B. J. (2011). Neuroscience of 

behavioral and pharmacological treatments for addictions. Neuron, 69(4), 695-712. 
doi:10.1016/j.neuron.2011.02.009 

Price, C. J., & Hooven, C. (2018). Interoceptive Awareness Skills for Emotion Regulation: Theory 
and Approach of Mindful Awareness in Body-Oriented Therapy (MABT). Front Psychol, 9, 
798. doi:10.3389/fpsyg.2018.00798 

Rass, O., Schacht, R. L., Buckheit, K., Johnson, M. W., Strain, E. C., & Mintzer, M. Z. (2015). A 
randomized controlled trial of the effects of working memory training in methadone 
maintenance patients. Drug Alcohol Depend, 156, 38-46. 
doi:10.1016/j.drugalcdep.2015.08.012 

Rawson, R. A., Chudzynski, J., Mooney, L., Gonzales, R., Ang, A., Dickerson, D., . . . Cooper, C. B. 
(2015). Impact of an exercise intervention on methamphetamine use outcomes post- 
residential treatment care. Drug Alcohol Depend, 156, 21-28. 
doi:10.1016/j.drugalcdep.2015.08.029 

Rendell, P. G., Mazur, M., & Henry, J. D. (2009). Prospective memory impairment in former 
users of methamphetamine. Psychopharmacology (Berl), 203(3), 609-616. 
doi:10.1007/s00213-008-1408-0 

Rezapour, T., DeVito, E. E., Sofuoglu, M., & Ekhtiari, H. (2016). Perspectives on neurocognitive 
rehabilitation as an adjunct treatment for addictive disorders: From cognitive 
improvement to relapse prevention. Prog Brain Res, 224, 345-369. 
doi:10.1016/bs.pbr.2015.07.022 

Rezapour, T., Hatami, J., Farhoudian, A., Sofuoglu, M., Noroozi, A., Daneshmand, R., . . . Ekhtiari, 
H. (2015). Research Domain Criteria (RDoC)Toward a New Classification Framework for 
Research on Mental Disorders. Basic Clin Neurosci, 6(4), 291-298. 

Rezapour, T., Hatami, J., Farhoudian, A., Sofuoglu, M., Noroozi, A., Daneshmand, R., . . . Ekhtiari, 
H. (2017a). Cognitive rehabilitation for individuals with opioid 

use disorder: A randomized controlled trial. Neuropsychol Rehabil, 1-17. 

Rezapour, T., Hatami, J., Farhoudian, A., Sofuoglu, M., Noroozi, A., Daneshmand, R., . . . Ekhtiari, 
H. (2017b). Cognitive rehabilitation for individuals with opioid use disorder: A 
randomized controlled trial. Neuropsychol Rehabil, 1-17. 
doi:10.1080/09602011.2017.1391103 

Rezapour, T., Wurfel, B., Simblett, S. K., & Ekhtiari, H. (2017). Neuropsychological rehabilitation 

of psychiatric disorders. Neuropsychological Rehabilitation: The International Flandbook. 


17 



Rimmele, U., Davachi, L., Petrov, R., Dougal, S., & Phelps, E. A. (2011). Emotion enhances the 
subjective feeling of remembering, despite lower accuracy for contextual details. 
Emotion, 11(3), 553-562. doi:10.1037/a0024246 

Robertson, C. L., Ishibashi, K., Chudzynski, J., Mooney, L. J., Rawson, R. A., Dolezal, B. A.,. . . 

London, E. D. (2016). Effect of Exercise Training on Striatal Dopamine D2/D3 Receptors 
in Methamphetamine Users during Behavioral Treatment. Neuropsychopharmacology, 
41(6), 1629-1636. doi:10.1038/npp.2015.331 

Roebers, C. M. (2017). Executive function and metacognitionTowards a unifying framework of 
cognitive self-regulation. Developmental Review, 45, 31-51. 
doi:10.1016/j.dr.2017.04.001 

Rupp, C., Kemmler, G., Kurz, M., Hinterhuber, H., & Fleischhacker, W. (2012). Cognitive 

Remediation Therapy During Treatment for Alcohol Dependence. J Stud Alcohol Drugs, 
73(A). 

Sadeghi, S., Ekhtiari, H., Bahrami, B., & Ahmadabadi, M. N. (2017). Metacognitive Deficiency in a 
Perceptual but Not a Memory Task in Methadone Maintenance Patients. Sci Rep, 7(1), 
7052. doi:10.1038/s41598-017-06707-w 

Shapiro, S. L., Carlson, L. E., Astin, J. A., & Freedman, B. (2006). Mechanisms of mindfulness. J 
Clin Psychol, 62(3), 373-386. doi:10.1002/jclp.20237 

Sherman, B. J., Baker, N. L., Squeglia, L. M., & McRae-Clark, A. L. (2018). Approach bias 

modification for cannabis use disorder: A proof-of-principle study . J Subst Abuse Treat, 
87, 16-22. doi:10.1016/j.jsat.2018.01.012 

Shi, H. S., Luo, Y. X., Yin, X., Wu, H. H., Xue, G., Geng, X. H., & Hou, Y. N. (2015). Reconsolidation 
of a cocaine associated memory requires DNA methyltransferase activity in the 
basolateral amygdala. Sci Rep, 5, 13327. doi:10.1038/srepl3327 

Skidmore, E. R., Swafford, M., Juengst, S. B., & Terhorst, L. (2018). Self-Awareness and Recovery 
of Independence With Strategy Training. Am J Occup Ther, 72(1), 
7201345010p7201345011-7201345010p7201345015. doi:10.5014/ajot.2018.023556 

Snider, S. E., Deshpande, H. U., Lisinski, J. M., Koffarnus, M. N., LaConte, S. M., & Bickel, W. K. 
(2018). Working Memory Training Improves Alcohol Users' Episodic Future Thinking: A 
Rate-Dependent Analysis. Biol Psychiatry Cogn Neurosci Neuroimaging, 3(2), 160-167. 
doi:10.1016/j.bpsc.2017.11.002 

Snider, S. E., LaConte, S. M., & Bickel, W. K. (2016). Episodic Future Thinking: Expansion of the 
Temporal Window in Individuals with Alcohol Dependence. Alcohol Clin Exp Res, 40(7), 
1558-1566. doi:10.1111/acer.l3112 

Sorg, B. A. (2012). Reconsolidation of drug memories. Neurosci Biobehav Rev, 36(5), 1400-1417. 
doi:10.1016/j.neubiorev.2012.02.004 

Stacy, A. W., & Wiers, R. W. (2010). Implicit cognition and addiction: a tool for explaining 
paradoxical behavior. Annu Rev Clin Psychol, 6, 551-575. 
doi:10.1146/annu rev.clinpsy. 121208.131444 

Stanger, C., Budney, A. J., & Bickel, W. K. (2013). A developmental perspective on 

neuroeconomic mechanisms of contingency management. Psychol Addict Behav, 27(2), 
403-415. doi:10.1037/a0028748 


18 



Steinberger, A., Payne, J. D., & Kensinger, E. A. (2011). The effect of cognitive reappraisal on the 
emotional memory trade-off. Cogn Emot, 25(7), 1237-1245. 
doi:10.1080/02699931.2010.538373 

Stewart, J. L., May, A. C., Tapert, S. F., & Paulus, M. P. (2015). Hyperactivation to pleasant 

interoceptive stimuli characterizes the transition to stimulant addiction. Drug Alcohol 
Depend, 154, 264-270. doi:10.1016/j.drugalcdep.2015.07.009 

Streeter, C. C., Terhune, D. B., Whitfield, T. H., Gruber, S., Sarid-Segal, O., Silveri, M. M., . . . 

Yurgelun-Todd, D. A. (2008). Performance on the Stroop predicts treatment compliance 
in cocaine-dependent individuals. Neuropsychopharmacology, 33(4), 827-836. 
doi:10.1038/sj.npp. 1301465 

Strong, D. R. (2012). Persistence on a stress-challenge task before initiating buprenorphine 

treatment was associated with successful transition from opioid use to early abstinence. 
Journal of addiction medicine, 6(3), 219. 

Tanabe, J., Tregellas, J. R., Dalwani, M., Thompson, L., Owens, E., Crowley, T., & Banich, M. 
(2009). Medial orbitofrontal cortex gray matter is reduced in abstinent substance- 
dependent individuals. Biol Psychiatry, 65(2), 160-164. 
doi:10.1016/j.biopsych.2008.07.030 

Thompson, P. M., Hayashi, K. M., Simon, S. L., Geaga, J. A., Hong, M. S., Sui, Y., . . . London, E. D. 
(2004). Structural abnormalities in the brains of human subjects who use 
methamphetamine. J Neurosci, 24(26), 6028-6036. doi:10.1523/JNEUROSCI.0713- 
04.2004 

Torregrossa, M. M., Corlett, P. R., & Taylor, J. R. (2011). Aberrant learning and memory in 
addiction. Neurobiol Learn Mem, 96(4), 609-623. doi:10.1016/j.nlm.2011.02.014 

Torregrossa, M. M., & Taylor, J. R. (2013). Learning to forget: manipulating extinction and 

reconsolidation processes to treat addiction. Psychopharmacology (Berl), 226(4), 659- 
672. doi:10.1007/s00213-012-2750-9 

Verdejo-Garcia, A., Clark, L., & Dunn, B. D. (2012). The role of interoception in addiction: a 
critical review. Neurosci Biobehav Rev, 36(8), 1857-1869. 
doi:10.1016/j.neubiorev.2012.05.007 

Wanmaker, S., Leijdesdorff, S. M. J., Geraerts, E., van de Wetering, B. J. M., Renkema, P. J., & 
Franken, I. H. A. (2018). The efficacy of a working memory training in substance use 
patients: A randomized double-blind placebo-controlled clinical trial. J Clin Exp 
Neuropsychoi, 40(5), 473-486. doi:10.1080/13803395.2017.1372367 

Wiers, C. E., Stelzel, C., Park, S. Q., Gawron, C. K., Ludwig, V. U., Gutwinski, S., . . . Bermpohl, F. 
(2014). Neural correlates of alcohol-approach bias in alcohol addiction: the spirit is 
willing but the flesh is weak for spirits. Neuropsychopharmacology, 39(3), 688-697. 
doi:10.1038/npp.2013.252 

Wiers, R. W., Eberl, C., Rinck, M., Becker, E. S., & Lindenmeyer, J. (2011). Retraining automatic 
action tendencies changes alcoholic patients' approach bias for alcohol and improves 
treatment outcome. PsycholSci, 22(4), 490-497. doi:10.1177/0956797611400615 

Wiers, R. W., Houben, K., Fadardi, J. S., van Beek, P., Rhemtulla, M., & Cox, W. M. (2015). 

Alcohol cognitive bias modification training for problem drinkers over the web. Addict 
Behav, 40, 21-26. doi:10.1016/j.addbeh.2014.08.010 


19 



Wilcox, C. E., Pommy, J. M., & Adinoff, B. (2016). Neural Circuitry of Impaired Emotion 
Regulation in Substance Use Disorders. Am J Psychiatry, 173(A), 344-361. 
doi :10.1176/a ppi.aj p.2015.15060710 

Witkiewitz, K., Lustyk, M. K. B., & Bowen, S. (2013). Retraining the addicted brain: a review of 
hypothesized neurobiological mechanisms of mindfulness-based relapse prevention. 
Psychol Addict Behav , 27(2), 351-365. doi:10.1037/a0029258 
Yavari, F., Shahbabaie, A., Leite, J., Carvalho, S., Ekhtiari, H., & Fregni, F. (2016). Noninvasive 
brain stimulation for addiction medicine: From monitoring to modulation. Prog Brain 
Res, 224, 371-399. doi:10.1016/bs.pbr.2015.08.007 
Zgierska, A., Rabago, D., Zuelsdorff, M., Coe, C., Miller, M., & Fleming, M. (2008). Mindfulness 
meditation for alcohol relapse prevention: a feasibility pilot study. J Addict Med, 2(3), 
165-173. doi:10.1097/ADM.0b013e31816f8546 

Zhao, L. Y., Sun, L. L., Shi, J., Li, P., Zhang, Y., & Lu, L. (2011). Effects of beta-adrenergic receptor 
blockade on drug-related memory reconsolidation in abstinent heroin addicts. Drug 
Alcohol Depend, 118(2-3), 224-229. doi:10.1016/j.drugalcdep.2011.03.025 
Zhu, Y., Jiang, H., Su, H., Zhong, N., Li, R., Li, X., . . . Zhao, M. (2018). A Newly Designed Mobile- 
Based Computerized Cognitive Addiction Therapy App for the Improvement of Cognition 
Impairments and Risk Decision Making in Methamphetamine Use Disorder: Randomized 
Controlled Trial. JMIR Mhealth Uhealth, 6(6), el0292. doi:10.2196/10292 


20 



